Absorption coefficients for parabolic bands
In the following, we will discuss the most important aspects of the tables in the main paper in more detail and provide equations without proportionality signs. We will use the symbols q for the elementary charge, kT for the thermal energy, m for the free electron mass (m = 9.109 × 10 -31 kg), m eff for the effective mass (in kg), ħ for the reduced Planck's constant 
where ħ ij is energy of a particular phonon mode, E g0 is the direct band gap and E g the indirect band gap, is the momentum matrix element, f BE is the Bose-Einstein distribution, cv p D ij is the deformation potential constant for that phonon mode,  is the density of the material, M C is the number of equivalent conduction band valleys, and  r,opt = n r ² is the relative permittivity at optical frequencies. The main differences with respect to the direct transition are therefore the term, the dependence on the deformation potential constant, the   In the case of MAPI, we assumed there to be an indirect band gap 100meV below the direct gap, thus, the singularity contained in Eq. (S7) is clearly visible at 1.62 eV. Above that point we used Eq. (S5) for the absorption coefficient of a direct semiconductor. Fig. S1 (column c-Si and MAPI) for comparison with experimental data as well as the two more generic cases used for the main paper.
Parameter
Case c-Si Case MAPI Generic indirect
Generic direct
Band The capture cross section given by Eq. (S8) is the capture cross section for capture into a neutral defect state. However, capture of electrons or holes into charged defects requires a correction factor called the Sommerfeld factor s. The Sommerfeld factor depends on whether the charges of the charge carrier and the defect have the same or an opposite sign. If the sign of the charge is the same, the defect is repulsive with s given by Eq. (6.5.38) in ref. 13 . In this situation s is independent of effective mass. In the opposite case, the defect attracts the charge carrier Coulombically and the dimensionless Sommerfeld factor is given by 13 . where Z is the ratio between the charge on the defect and the charge of the free carrier (i.e. Z = ±1 for a singly charged defect). The capture cross section  a for an attractive defect will then be simply given by  a = s, using Eq. (S8) for  and Eq (S11) for s. Thus, a high effective mass will further reduce the smaller of the two lifetimes. In high injection, the longer lifetime will dominate and therefore this effect will be minor. In low injection, it depends on the doping type and the charge states of the dominant defect, whether this effect will matter or not. In order to keep the discussion generic and simple, we did not include this effect in the simulations in the main paper, but we want to mention it here. (a) Figure S3 : (a) Short-circuit current density J sc and (b) emission probability p e as a function of effective density of states at the optimum thickness as shown in Fig. 2b in the main paper. Both J sc and p e are measures of the absorptance of the devices summed up in one parameter. Both do not depend strongly on N eff with the high injection/indirect band gap case being the one with the largest deviation from constant. This implies that the set of equations described in the main paper leads to a rather simple rule of thumb for the optimum thickness. The product of absorption coefficient and optimum thickness remains constant, when N eff or m eff are changed. It does not stay constant when other parameters are varied, which explains why the J sc and p e values are different comparing the four different scenarios with each other.
